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Abstract  
Renewable energy resources are abundant in most developing countries. These sources include 
solar energy, wind power, geothermal energy, and biomass. Even though these sources are 
readily available, most villages in these developing countries do not have access to power in their 
homes because electricity grid extensions are often not affordable. This leaves the people in 
developing countries lacking resources that most of us take for granted here in the US. They 
don’t have access to electrical power and light. This forces the people of these areas to use toxic 
kerosene lamps, which pollute the environment and increase health issues. This senior design 
project is to design a portable in-home power system that is affordable, safe and reliant, and 
meets the end users’ needs.   
 
 Pb: Project Battery is a system intended for in-home use, providing light from a light-emitting 
diode (LED) lamp, and power to charge cell phones and other small loads from USB ports and a 
car power adapter socket. The system will use a 12V, 8Ah sealed lead acid battery and will be 
charged using energy from a solar panel. A charge controller from Texas Instruments, BQ24650, 
is used to regulate the input voltage to maintain a programmable charge current for maximum 
power output of the solar panel. There are four USB ports and a car power adapter socket to 
provide a variety of outlets to power loads. A step-down power module is used between the 
battery and the USB ports to lower the voltage from 12V to 5V. A Pb-Acid Battery State-of-
Charge (SoC) Indicator with Run-Time Display from Texas Instruments, BQ78412, is used to 
ensure that the system remains within its proper operating range. This indicates to the user the 
life left in the battery during use of the system.  
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Through the use of an LED light powered by rechargeable batteries, the cost of lighting and the 
negative health effects from the use of kerosene lamps is reduced. The use of a cell phone is 
something most people take for granted, but for the people of these communities it is a necessity 
that can keep them connected to the rest of the world. These connections provide ease of 
communication, access to news and natural disaster alerts. For some it’s a way to learn and 
educate themselves and for others it’s even a way to make money. Most people in these 
communities choose to use their money to charge their phone rather than to buy food. That 
shouldn’t have to be a choice anymore. Pb: Project Battery will allow rural communities in 
developing countries the basic electric necessities they need to thrive. This project gives users in 
developing communities access to energy, which is important to socioeconomic development 
and a better overall standard of living.  
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Chapter 1: Introduction 
1.1 Problem Statement    
For our senior design project, we plan to design and produce a prototype of an in-home power 
system that is capable of providing sufficient DC power to accommodate the use of cell phone 
chargers, lights, and other small loads. This power will be available through the use of a 
renewable energy resource, such as solar energy, wind power, geothermal energy, and biomass. 
This system allows rural communities in developing countries the basic necessities they need to 
thrive.  
1.2 Background 
Throughout developing countries the need for power is growing tremendously. With the use of 
technology taking over much of the first world, communities in places such as Africa and South 
Asia struggle to get simple technological needs met such as lighting. Dangerous lamps, such as 
Kerosene lamps, pollute the atmosphere with carbon dioxide and causes health problems. They 
also do not provide adequate lighting for most nightly activities such as studying, cooking, or 
working. Therefore, they are typically used in close quarters as shown in Figure 1. These lamps 
are not only quite ineffective, but they also can be expensive to maintain. 
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Figure 1: Typical Usage of Kerosene Lamp 1 
  
Other fuel sources such as wood and diesel fuel can be quite harmful to the environment, the 
user’s health and the user’s safety. There are some programs which attempt to incorporate 
renewable resources such as solar into a power system, but again the systems can be quite 
expensive. It is much cheaper for the people of these communities to continue to use the harmful 
methods. And lighting is not the only issue. According to a recent study 7 in 10 Africans own 
their own mobile phone2. More specifically, 72% of respondents (in the survey) reported owning 
their own phone, and another 9% reported access to a mobile phone in their household; only 
about 16% of the population reported never using a mobile phone3. While many individuals may 
own a mobile phone, the charging of their phones can be quite difficult. Most rural communities 
are not tied to any type of electrical grid therefore making access to any type of immediate 
electricity impossible. According to the International Energy Agency, there are 587 million 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  "Mobile Phone Features." Wikipedia, Last modified January 07, 2014. Accessed September 2013. 
http://en.wikipedia.org/wiki/Mobile_phone_features. 2	  "Africa Connects." AllAfrica.com. Last modified October 16, 2013. Accessed October 2013. 
http://allafrica.com/stories/201310160700.html. 3	  "Africa Connects." AllAfrica.com. Last modified October 16, 2013. Accessed October 2013. 
http://allafrica.com/stories/201310160700.html. 
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people in Africa, as well as 493 million people in South Asia, without access to electricity4. One 
way in which phones can be charged is through community charging stations like the one shown 
in Figure 2.  
 
	  
Figure 2: Cell Phone Charging Station in Uganda 5 
 
These centers can be extremely expensive as well as inconvenient for those who do not live near 
a charging station. Without the right funds or transportation, the advantage of owning a cell 
phone is quickly taken away without the ability to charge it. Our system addresses all the 
problems stated above. Through the use of renewable energy sources and batteries, we can cut 
out harmful fuel sources. Our system is designed to be as inexpensive as possible so a family can 
own at least one. The system is also be in-home, meaning the user will have no need to travel 
anywhere as the battery will have a port directly attached to it in which cell phones can be 
charged. Our system is designed to provide convenience, safety, and frugality to the users.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  "Access to Electricity." International Energy Agency, Last modified 2009. Accessed September 2013. 
http://www.worldenergyoutlook.org/resources/energydevelopment/accesstoelectricity/. 5	  "Mobile Phone Features." Wikipedia, Last modified January 07, 2014. Accessed September 2013. 
http://en.wikipedia.org/wiki/Mobile_phone_features. 
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1.3 Objectives 
For our senior design project, we wanted build and design a portable in-home power system for 
small rural villages in developing countries. We did this by developing and implementing a self-
sustaining electrical system that can be developed using local and reusable materials. We used a 
renewable energy source, a solar panel, that can charge many battery packs. These battery packs 
can then be placed in each home, along with circuitry that has multiple outlets for devices such 
as cell phone chargers and lights. The fact that the only moving component of the system will be 
the battery pack, which will either be in a home or at the source being charged, greatly lowers the 
chance of parts of the system being damaged or stolen.  
 
We propose to implement a power system that can be charged using renewable energy in order to 
provide each family sustainable power. We will achieve this with the following steps:  
1.) Understand the power consumption and needs of the community we are trying to serve. 
2.) Design the circuitry of battery pack as well as the housing for the system. This system 
can then be used to power the needs of an individual household. 
3.) Design the charging circuitry that allows for the unit to be charged by a solar panel. 	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Chapter 2: System Overview  
2.1 System Charging Features 
For this project we are using solar panels as the power source to charge our unit. We hope that in 
the future, the unit can be compatible with other natural sources such as wind, hydroelectric and 
thermoelectric energy, but this would be a project for future students. For the purpose of this 
project we are just going to charge our system with solar energy. We chose the solar energy 
source because if we look at the Figure 3, we see that in most developing areas, solar power is an 
abundant source.  
 
 
Figure 3: World Solar Energy Map6 
2.1.1 Solar Panels 
A solar panel is used to charge the 12V battery in the system. A variety of different types of 
panels can be used, depending on how much money is available to spend on a panel or how 
quickly one needs the system to go from empty to a full charge. If a small personal panel (~5W) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6	  "International Network for Sustainable Energy." Inforse, Accessed November 2013. 
http://www.inforse.org/europe/dieret/Solar/solar.html. 	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is used then the system would take much of the day to charge, whereas if a larger (~50W) panel 
is used, then the system could charge in only an hour and a half. 
 
2.1.2 Charge Controller 
Our system utilizes the Texas Instruments BQ24650 charge controller, the details of which are 
discussed later on in this report. The controller will be directly connected to the battery thereby 
eliminating the need to rewire the controller to the battery and panel every time the battery needs 
to be charged. Instead, the solar panel connects directly into the charge controller, which then 
controls the voltage as is it charges the 12V battery.  
 
2.1.3 12V Lead Acid Battery  
The system requires a 12V 8Ah sealed lead acid (Pb-acid) battery as shown in the figure 4. This 
battery was chosen due to its comparable energy to weight ratio. A key part of our system is the 
ability for it to be portable. Therefore the battery must be lightweight enough for an individual to 
easily move it around his/her home. As the amount of amp-hours increases, the weight of the 
battery also increases significantly. 8Ah provided enough energy to sustain our loads, while at 
the same time the battery remained lightweight. The battery weighs 5.18lbs. Another 
consideration was the ease of access in-country. In developing countries, 12V batteries are quite 
prevalent and can usually be found where goods are sold. Therefore, if the battery does need to 
be replaced, it is relatively easy for the consumer to find another 12V battery.  
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 Figure	  4:	  Pb-­‐Acid	  Battery	  
 
2.2 System Discharging Features 
2.2.1 Pb-Acid Battery State-of-Charge (SoC) Indicator 
The system uses the Texas Instruments BQ74812 state of charge indicator that allows the user to 
see what mode the battery is in, the state of health of the battery, and the battery capacity. Three 
indicated modes are charging, discharging, and full. The indicator also displays the health of the 
battery, warning the user when it is time to replace the battery, and when the need to be replaced. 
Lastly the indicator has 10 LEDS that display the life of the battery from 0% to 100%.  
 
2.2.2 Step-Down Power Module 
 
Connected to the 12V battery is the step-down power module. It contains the four USB outlets 
for the loads to be directly connected. The module contains a buck converter that steps the 12V 
of the battery to the 5V needed for the USB outlets. In a later chapter, we take a closer look at 
the specifics of this module and how it is integrated into our system.  
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2.2.3 Car Power Adapter Socket 
 
We can incorporate a second load option in the form of a car power adapter socket which can be 
seen in Figure 5. 
 
Figure 5: Car Power Adapter Socket 
 
We have included this option because it provides for more load diversity; a consumer can 
easily plug in a DC to AC inverter and be provided with an outlet that can handle AC loads. 
While the socket does allow for more diversity, it can also deplete the run time of the system. For 
instance, an inverter used to power an AC powered load would cause the battery life to drain 
much more quickly because more power is needed, some of it being lost during inversion. 
Therefore, there are pros and cons to having this component in our system, but we believe the 
ability to accommodate more loads outweighs the cons.  
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2.3 System Specifications 
 
Figure 6: Pb: Project Battery System Block Diagram 
 
Figure 6 shows the complete block diagram of the system. It is centered around the 12V battery 
with the two Texas Instrument parts, the step-down power module, and the car power adapter 
socket all connected to it. The charge controller connects the solar panel to the battery to 
optimize charging the battery. The SoC keeps track of the modes of operation of the battery, its 
health, and its remaining charge. The step-down power module converts the battery voltage 
down to a voltage that is usable by the USB ports. The car power adapter socket connects 
directly to the battery allowing for 12V applications, or for an inverter to be attached to the 
system. 
 
The battery is a 12V 8AH battery that allows a discharge depth of 50%, which allows for 500 
charge/discharge cycles. This leaves the system with an available 4AH to power various loads. 
We allocate 600mAH for 6 hours of light, 3000mAH for 6 hours of phone charging, and 
400mAH for other small loads (e.g. a small DC radio). 
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Providing light is a key part of this system, so we had to determine how much light is needed to 
see easily at night or in a dark room. We determined that 150 lux is needed, which translates to 
125 lumens for a 3’x3’ area. The USB LED light we have attached to the system gives off 138 
lumens and draws only 84mA, which is smaller than the previously calculated amount of energy 
dedicated to providing light. If this light is on for 6 hours, then it has only used 504mAH, which 
allows another 96mAH for use on other applications or additional lighting or charging. 
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Chapter 3: Battery Charge Controller for Solar Power 
3.1 Basic Charge Controller Theory 
Solar panels produce varying outputs depending on the amount of sun that falls on them 
throughout the day. For example, a 12V panel can generate a 17V peak output so if there is no 
regulation, the batteries will be damaged from overcharging. For this reason a charge controller 
will be used. A charge controller regulates the flow of current to keep a battery from 
overcharging or overvoltage, which can reduce battery performance and lifespan, and may cause 
a safety risk. The terms "charge controller" or "charge regulator" may refer either a stand-alone 
device or to control circuitry integrated within a battery pack, battery-powered device, or battery 
recharger.7 For the scope of this project the term “charge controller” refers to control circuitry 
integrated within the battery-powered device, called Pb: Project Battery.  
3.2 Implementation within Scope of Project  
3.2.1 Reasons to Implement a Charge Controller 
Since we cannot rely on a constant amount of sun at all times throughout the day or even the year, 
a charge controller is needed to maintain a constant voltage output while charging the battery.  
A charge controller, BQ24650, is be used to regulate the input voltage to maintain a 
programmable charge current for maximum power output of the solar panel. 
 
3.2.2 Charge Controller BQ24650 
Because the sun is always changing its position or there may be clouds out some days our system 
cannot rely on a consistent amount of sun throughout the day. This means that if the system is to 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  Go Solar Green NY, Accessed February 2014. http://gosolargreenny.com/standalone-solar-equipment.html. 
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be efficient in harvesting power from the sun during charge time, we needed to use a charge 
controller. We decided to go with the Texas Instrument BQ24650 Charge Controller because it 
offers Maximum Power Point Tracking (MPPT) and constant-frequency, synchronous Pulse 
Width Modulation (PWM). Depending on the discharge amount of the battery, these 
technologies adjust charging rates to allow charging the batteries to the most efficient maximum 
capacity. The schematic of the IC is shown in Figure 7. 
 
Figure 7: Typical System Schematic for BQ246508 
 
An effective way to maintain a constant voltage while charging a battery is to use PWM 
regulation in a charge controller. When a battery voltage reaches the regulation set point, the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  “Synchronous	  Switch-­‐Mode	  Battery	  Charge	  Controller	  for	  Solar	  Power	  With	  Maximum	  Power	  Point	  Tracking”,	  Texas	  
Instruments,	  	  Bq26450	  datasheet,	  Last	  Modified	  on	  July	  2010.	  Accessed	  on	  January	  2014.	  http://ti.com.	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PWM algorithm slowly reduces the charging current to avoid heating and gassing of the battery, 
yet the charging continues to return the maximum amount of energy to the battery in the shortest 
time9. The constant voltage from the PWM will provide an appropriate charging current 
according to what the battery needs for maximum efficiency. An illustration of how a constant 
output voltage, based on the average voltage of the pulses, is obtained is shown in Figure 8. 
 
Figure 8: PWM Waveforms of Average Output Voltages10 
 
A solar panel has a unique point on the V-I or V-P curve, called the maximum power point 
(MPP), at which the entire solar panel operates with maximum efficiency and produces its 
maximum output power. MPPT tracks the MPP during the day while the amount of sun on the 
solar panel changes due to the angle of the sun changing or cloudy weather. This means that at 
all times of the day the output power is at its corresponding maximum. Most MPPT provides an 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  "Why PWM?" Morningstar Corporation, Accessed December 2013. 	  10	  "Pulse Width Modulation Charge Controllers Explained." Bluelight,  Last modified 09 08, 2011. Accessed October 2013. 
http://www.e-bluelight.com/article-345.html. 
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additional 10-15% charge capability. 
 
Figure 9: MPPT I vs. V and P vs. V Curve11 	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  "Solar Power Charge Controllers." Solar Power Planet Earth, Last modified 2011. Accessed November 2013. 
http://solarpowerplanetearth.com/solarchargecontrollers.html. 
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Chapter 4: Step-Down Power Module  
4.1 Basic Step-Down Theory 
The use of a step-down DC-DC converter is an industry standard. The basic idea of a step-down 
converter is to decrease the output voltage value from that of the input voltage. In order to 
understand the converter, we must take a look its typical schematic. 
 
Figure 10: DC-DC Step-down Converter12 
 
A step-down converter consists of an input voltage source, a MOSFET switch, a diode, an 
inductor, a capacitor, and a load resistance. In order for this device to function, the current 
through the inductor is controlled by two switches, the MOSFET and the diode. Each switch 
alternates depending on the input voltage and duty cycle. In an ideal circuit, the MOSFET and 
the diode would have zero voltage drop across them when on and zero current flow when off. 
The capacitor and load resistance act as a filter where the capacitor receives the ripple from the 
inductor current and the load receives the average value. There are some typical equations that 
can be used in order to calculate the output voltage (Vout=Vin*duty cycle) and the average 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  , "DC-DC Switching Voltage Regulator: Buck Converter." Thomson, Mike. Mike-Thomson.com Last modified November 05, 
2011. Accessed November 2013. http://mike-thomson.com. 
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inductor current( IL=Iout). Below is a graphical representation of the output voltage and inductor 
current.  
 
Figure 11: Output Voltage and Inductor Current Waveforms13 
 
4.2 Implementation within Scope of Project 
4.2.1 Reasons to Implement a Step-Down Converter 
Pb: Project Battery utilizes a 12V lead acid battery in which multiple loads can be connected as 
an output. One of those loads is a USB cable. This cable has an output voltage of 5V. Therefore, 
in order for the system to safely deliver the appropriate amount of voltage, the 12V must be 
stepped down in value to 5V.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  "Buck Converter." Wikipedia, Last modified 2 14, 2014. Accessed September 2013. 
http://en.wikipedia.org/wiki/Buck_converter. 
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4.2.2 The Power Module 
Our step-down converter, depicted in Figure 12, is connected to a power module that consists of 
4 USB ports, two capacitors, an LED, a resistor, and input ports. The actual step-down converter 
is the large black cube in the back. In our system, the main function of the module is to provide 
an output for a USB phone charger or any other type of load that takes a USB port. The 12V 
battery can be directly connected to this module, which will then step the voltage down to the 5V 
required for the USB ports.    
 
Figure 12: Power Module 
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Chapter 5: Pb-Acid Battery State-of-Charge Indicator 
5.1 Basic State-of-Charge Indicator Theory 
A state of charge (SoC) indicator monitors battery voltage, current, and ambient temperature to 
calculate a battery’s state-of-charge and determine its remaining run-time-to-empty. It takes 
current measurements using a small sense resistor in the circuit’s negative power path, allowing 
for a continuous, real-time reading of battery capacity and run-time-to-empty values. An n-byte 
battery characterization table is used to calculate and adjust the remaining capacity and run-time-
to-empty as functions of discharge rate and temperature. This table is generated based on what 
type of battery is being monitored (Lead-Acid, Li-Ion, NiMH, etc). 
 
Some SoC’s, including the TI BQ78412, also monitor the battery’s capacity after each charge 
and discharge cycle. The SoC will determine and update the battery’s full charge capacity (FCC) 
based on the amount of time elapsed and by using an Age-Based Capacity Method from the 
battery characterization table. Three variables used in this are CapDerateL, DerateChange, and 
CapDerateH. The following plot shows a battery’s life capacity using this algorithm.  
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Figure 13: Plot of Battery Capacity Over Lifecycle14 
 
5.2 Implementation within Scope of Project 
The TI BQ78412 allows for many of the features within our system that help the user properly 
use and maintain the system. Through the 16 LED’s, we can inform the user of the mode of 
operation of the battery, its health, and remaining charge. The system can display the mode of 
operation through the use of the sense resistor in the negative power path of the circuit. Based on 
the direction of the current the system will know whether or not the system is charging or 
discharging. This is helpful because if the discharging light is on, the user will know power is 
being drawn from the battery. When there is no load attached to the system in the home, then 
neither LED will be illuminated. The other LED’s will remain on for 30 seconds and then power 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  14	  "bq78412 Pb-Acid Battery State-of-Charge Indicator With Run Time Display."	  Texas Instruments, BQ78412	  datasheet, Last 
modified 10 2010. Accessed December 2013. http://www.ti.com/lit/ds/slusaa0/slusaa0.pdf. 
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off to allow the system to go into its idle, low power consumption state.  
 
The BQ78412 uses the Age-Based Capacity method described in the previous section to keep 
track of the health of the battery. The CapDerateL, DerateChange, and CapDerateH are the 
variables programmed into the IC. CapDerateL represents a longer amount of time between 
charge cycles before the derate value is applied to the state of health calculation. Once the 
amount of time set by the DerateChange variable has passed (24 months in the figure above), the 
system will then increment the derate value at the rate of CapDerateH. In the Figures 15 and 16 
below, you can see that the battery is in good health, as the DerateChange value has not yet been 
met. We have chosen the values in our system such that the LED will display “good” for the first 
470 cycles, “warn” for the next 25, and “replace” for all cycles after that. 
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Figure 14: SoC Evaluation Module Schematic15 
Finally, the BQ78412 determines the charge remaining on the battery by keeping track of the 
current being drawn through the sense resistor, and by how long the system has been on. The 
Figures 15 and 16 below show the system at different amounts of charge as well as different 
modes of operation. In Figure 15 the left image shows the system was providing power to loads, 
discharging the battery, and that the battery was at 80% capacity as the bottom 8 LEDs are on. 
In Figure 16 shows that the solar panel was connected to the system, charging the battery, and 
that the battery was at 50% charge through its charging cycle.  
                  
 
Figures 15 and 16: Different modes of LED indications 
 
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  “Pb-­‐Acid	  Battery	  State-­‐of-­‐Charge	  Indicator	  With	  Run-­‐Time	  Display”	  Texas	  Instruments.	  BQ78412	  datasheet,	  Last	  Modified	  October	  2010.	  Accessed	  January	  2014.	  http://ti.com.	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Chapter 6: System Housing and Instruction 
6.1 Product Usability and Accessibility 
The housing unit is fitted with USB outlets and a car power adapter socket because electric 
power and light are our first concerns. We decided to provide a car power adapter socket to 
extend the usability of our product with loads that the user may already have. Although this will 
drain power more quickly from the battery, resulting in less time the system can be used before 
needing to be recharged, the user can plug in an external DC to AC inverter, allowing them to 
plug in small AC powered loads if needed. USB outlets are used because they are the most 
common plugs phones come with. This also gives the ability to attach an external USB powered 
LED lamp. LEDs take less power to produce light compared to incandescent light bulbs, so with 
the use of an LED lamp we can regulate the power drawn from the battery; this will extend the 
life of the battery and will deter the user from plugging in an AC powered incandescent lamp. A 
list of the system features and picture of the system is shown in below in Figure 17. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: System Housing 	  
1. On/Off Power Switch for entire unit 
2. Car Power Adapter Socket w/ cover 
3. Four USB outlets 
4. Easy to read LED indication of unit 
4.1 State of Charge LEDs 
4.2 State of Health LEDs 
4.3 Life of Battery LEDs 	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The housing unit is simple so the user doesn’t have to be an engineer or a tech savvy person to 
use it. They will simply be able to plug in their phones or a light source into plugs that they are 
familiar with using and flip a switch to turn on/off the unit. There are easy to read indication 
LEDs on the face of the housing, so the user knows the state of the system with one quick 
glance. The LEDs will show the user State of Charge (whether the battery is charging, 
discharging and when the battery is full), State of Health (whether the battery is good or needs to 
be replaced), and Life of Battery (how much life is left in the battery before it needs to be 
recharged). The housing unit is self-contained so there is no external wires, making the unit 
portable. Although not implemented on our final unit, we would like to integrate easy release 
tabs in the back of the housing so the user can open the unit to place/remove the battery when 
replacement is needed. The ability to easily remove and replace the battery will be key for the 
lifetime of the housing unit and the safety of the user. The user will be able to take the unit 
anywhere in their house or even outdoors, if needed.  
 
6.2 Instruction Usability and Accessibility 
If this project were taken to the production stage, we would need to provide instruction with the 
unit to insure our system is properly used because we don’t want to make assumptions on the 
ability of the user. Since this system can be implemented in many developing countries, all with 
different native languages, we will provide instructions in picture and diagram form. Since the 
product mostly consists of plugging/unplugging and flipping switches, we believe we can 
implement this clearly in picture form. 
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Chapter 7: Ethical and Aesthetic Considerations 
7.1 Ethical Stakeholders 
There are many parties involved in the development of our project. Our group has obligations to 
consider for each party. The parties involved are the users living in the community, Santa Clara 
University, and ourselves as a team. 
Who: What to consider: 
Users in Community What they need. 
Who will be the main users. 
What they can afford. 
How to make it safe. 
How to use local and reusable materials. 
What the timeline of the project is. 
Santa Clara University  What is needed to satisfy the school’s requirements. 
What the timeline of the project is. 
How to build our system safely, without harm to the school or 
ourselves. 
How to give proper credit to the school and advisors. 
How to insure the funding from the school is used properly. 
Senior Design Team What the workload of each member is. 
How to give proper credit for their work. 
How to give proper credit for sources used. 
What the timeline of the project is. 
How to build our system safely, without harm to the school or 
ourselves. 
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7.2 Ethical Obligations 
The considerations listed above can be broken down into categories of ethical obligations. These 
categories are financial consideration, environmental impact, social impact, developmental 
procedure and application usage. 
Category: Needs: Strategy: 
Financial 
Consideration 
· We need to make sure we 
develop something affordable in 
the context of location; otherwise 
the product won’t be viable. 
· We will do research and use local 
contacts to understand what is 
considered affordable in the 
community. 
· We will stick to an approved budget. 
Environmental 
Impact 
· We need to make sure the end 
product doesn’t have negative 
effects on the environment. 
· We need to make sure we use 
available natural power sources 
local to the site. 
· We will use environmentally safe 
products. 
· We will use available power sources 
that are natural to the community and 
have the least negative effects on the 
environment. 
Social Impact · We need to make sure our 
product only increases the social 
standing of the community.  
· We need to make sure our 
product doesn’t cause negative side 
effects within the community. 
· We will make sure our product meets 
the agreed upon electrical power needs 
of the community. 
·  We will make sure our product is 
secure and the community has a stake 
in the product to deter theft. 
Developmental 
Procedure 
· We need to cite all sources used 
and give credit where credit is due. 
· We need to present facts and 
· We will keep an up to date 
bibliography. 
· We will use clear verbiage and 
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findings in a clear manner. graphics. 
Application 
Usage 
· We need to make sure we give 
users clear and easy instructions. 
· We need to make sure the product 
can be used safely. 
· We need to make sure the project 
stays within the initial design 
constraints and goals. 
· We will use clear, non-technical, 
instructions to insure everyone uses 
the product properly. 
· We will test and debug for any safety 
issues under different situations, e.g. 
different weather conditions. 
· We will stick to the constraints 
decided upon at the start of the 
project, not trying to solve more than 
we realistically can. 
 
7.3 Aesthetics 
Since the housing unit will be used primarily in the user’s home, the design of the unit will have 
to be aesthetically pleasing. We decided to use smooth lines and neutral colors so it won’t be an 
eyesore in the house. Regardless of the electrical benefits of our product, if the user thinks the 
unit is ‘ugly’ they might not use it. This would defeat the purpose of our entire project. The 
housing unit is a rectangular box with a power switch, outlets, and easy to read indication LEDs. 
No external wires or messy cords. This makes the unit visually pleasing and reduces the chances 
of harm to the user and the unit. 
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7.4 Functionality  
In order for our unit to be completely functional and desirable, our unit needs to be easy to use, 
visually appealing and durable. We will achieve this by meeting all of the considerations 
mentioned in the above sections. We always have to keep in mind that our users are not used to 
the electrical resources we take for granted. It is important that we understood what they 
considered to be elegant and we were willing to change our design based on that, but never 
willing to change the goal of the project or the ease of use.  	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Chapter 8: Cost Analysis 
Figure 18 displays the total cost analysis of our system. It is quite evident that the system is 
much more expensive than we originally planned. There are a few reasons for this. First, we used 
evaluation modules for testing purposes. If we had designed our own PCB with only the essential 
components, the price would have been lowered dramatically. Also, we purchased all of our 
parts at retail value. If this system were to go into production, the mass volume of parts 
purchased would also greatly lower the price. Overall, we would like the system to cost between 
$50 to $100. This would make the system much more affordable for those who need it.   
 Components Price 
50W Solar Panel $89.99 
Sealed Lead Acid Battery $36.99 
Charge Controller BQ24650 EVM $99.99 
Battery State-of-Charge Indicator BQ78412 EVM $149.99 
Step-Down Power Module  $4.46 
Car Power Socket $3.49 
Loads $45.00 
Housing Material  $65.00 
PCB Manufacturing  NA 
Total $494.91 
 
Figure 18: Cost Analysis 
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Chapter 9: Timeline 
After meeting with our advisor and performing background research, we were able to set up the 
following timeline for the completion of our project. We encountered a few setbacks, but overall 
stayed relatively on track.  
 
 
Figure 19: Gant Chart 	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Chapter 10: Ideas for Project Continuation 
Our project has a lot of potential to be continued on in the coming years. We have put together a 
few project ideas on how to expand what we have completed this year. First off, we only focused 
on solar as our energy source. Future groups could find a way to make the system compatible 
with other resources such as wind or water.  
 
Second, we only designed one unit for our project and used one solar panel. Ideally, this is a 
system that we would want to incorporate for a whole village. We would then need to design 
some type of the charging station that could handle multiple units. This could be a potential 
project future teams could take on.  
 
Next, we used an external DC to AC inverter. While it worked, it proved to be quite inefficient. 
It would be a good idea to design an inverter that is internally integrated into the system. This 
might alleviate some of the depletion of the run time as well as just making the system more 
versatile and efficient.  
 
Also, we used evaluation modules for testing purposes, which caused our system to be quite 
expensive. Therefore, a crucial next step would be to design a custom PCB that only included the 
essential components of the system. This would not only lower the entire cost of the system, but 
could also potentially make the system smaller for there would not be as many PCBs or 
connections.  
 
Finally, we used an off-the-shelf housing that fit our needs. A more durable and versatile housing 
would be needed if this system were going to survive a more hostile environment than just our 
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testing conditions. Perhaps the housing could be made out of plastic or rubber. A new housing 
design would be a good project continuation.  
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Chapter 11: Conclusion 
 
Pb: Project Battery is a system that electrical power for lighting, phone charging and other uses, 
making access to information and ease of communication more accessible to people of 
developing countries. Since our system is portable and easy to carry, our unit can be placed 
anywhere in the home, making doing homework or housework at night a possibility. With the 
use of a replaceable battery, our system can be used over and over again, making the most of the 
money people in developing countries have, so they no longer have to choose between charging 
their cellphones or eating dinner.  
 
Pb: Project Battery is a system that is easy to use and allows users to see remaining charge and 
health of battery, ensuring the users get the most out of our system while also making sure our 
system is used properly. The IC’s maximize the most efficient use of system by regulating during 
charging and discharging times. Pb: Project Battery allows rural communities in developing 
countries the basic necessities they need to thrive. 
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